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FOREWORD 

This Indian Standard ( Part 1 ) was adopted by the Bureau of Indian Standards on 17 October 
1988, after the draft finalized by the Methods of Chemical Analysis of Ferrous Metals Sectional 
Committee had been approved by the Structural and Metals Division Council. 

IS 1559 : 1961 'Methods of chemical analysis of ferroalloys' covers the chemical analysis of different 
ferroalloys, namely, ferrosilicon, ferrochromium, ferromanganese and speigeleisen, silicomanganese, 
ferromolybdenum, ferrophosphorus, ferrotitanium, ferrovanadium and ferrotungsten. While 
reviewing this standard, the Sectional Committee had decided that separate series of standard for 
each ferroalloy may be prepared. Accordingly, the chemical analysis of ferrosilicon was taken up 
first and was covered in seven parts in 1982 under the same designation IS 1559. 

The chemical analysis of ferromolybdenum is now covered in this standard in seven parts. With the 
publication of these parts, the analysis of the relevant constituents of ferromolybdenum given in 
IS 1559 : 1961 shall stand superseded. This part ( Part 1 ) covers the determination of molybdenum. 
The other parts are as follows: 

Part 2 Determination of total carbon 
Part 3 Determination of silicon 
Part 4 Determination of sulphur 
Part 5 Determination of phosphorus 
Part 6 Determination of copper 
Part 7 Determination of aluminium 

In this standard, permanganate titration method for determination of molybdenum has been 
retained, and 8 hydroxyquinoline precipitation ( gravimetric ) method has been incorporated. 

In reporting the results of a test or analysis made in accordance with this standiard, if the final value, 
observed or calculated, is to be rounded ofiF, it shall be done in accordance with IS 2 : 1960 'Rules 
for rounding off numercial values ( revised )\ 
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' Indian Standard 

METHODS OF CHEMICAL 
ANALYSIS OF FERROMOLYBDENUM 

PART I DETERMINATION OF MOLYBDENUM 



1 SCOPE 

This standard (Part 1) covers the 8 hydroxy- 
quinoline ( gravimetric ) and permanganate 
( titration ) method for determination of molyb- 
denum in ferromolybdenum. 



2 REFERENCES 



The following 
adjuncts to this 

IS No. 

IS 264 : 1976 

IS 265 : 1987 

IS 266 : 1977 

IS 1070 : 1977 

IS 1472 : 1.977 



Indian Standards are necessary 
standard: 

Title 

Specification for nitric acid 
( second revision ) 
Specification for hydrochloric 
acid ( third revision ) 
Specification for sulpuric acid 
( second revision ) 
Specification for water for 
general laboratory use ( second 
revision ) 

Methods of sampling ferro- 
alloys for determination of 
chemical composition ( first 
revision ) 



3 SAMPLING 

Samples shall be drawn and 
dance with IS 1472: 1977. 



prepared in accor- 



4 (QUALITY OF REAGENTS 

Unless specified otherwise, analytical grade 
reagents and distilled water ( see IS 1070 : 1^77 ) 
shall be employed in the tests. 

5 GENERAL 

5.1 Use of Filter Paper 

For the methods given in this standard, What- 
man filter papers, which are commonly used, 
have been prescribed. However, any other brand 
of filter paper of corresponding porosity and 
equivalent quality may also be used. 

6 DETERMINATION OF MOLYBDENUM 
BY 8-HYDROXYQlJINOLINE PRECIPI- 
TATION ( GRAVIMETRIC ) METHOD 

6.1 Outline of the Method 

The sample is decomposed by the combined 
action of sulphuric acid, nitric acid and few 



drops of hydrofluoric acid. After separation of 
iron, molybdenum is precipitated at /?H 4*0 by the 
addition of 8-hydroxyquinoline solution in the 
presence of EDTA and ammonium oxalate. pH 
is maintained by hydrochloric acid and ammonia 
solution. 

6*2 Reagents 

6.2.1 Dilute Sulphuric Acid, 1 : 1 ( v/v ). 

6.2.2 Concentrated Nitric Acid, rd=l'42, con- 
forming to IS 264 : 1976. 

6.2.3 Hydrofluoric Acid, 40 percent. 

6.2.4 Concentrated Hydrochloric Acid, rd=ri6, 
conforming to IS 265 : 1976. 

6.2.5 Sodium Hydroxide Solution, 25 percent. 

6.2.6 EDTA Solution, 1 percent ( m/v ). 

6.2.7 Ammonium Oxalate, Solid. 

6.2.8 Dilute Hydrochloric Acid, 1 : 1 ( v/v ). 

6.2.9 Ammonia Solution, 1 : 1 ( v/v ). 

6.2.10 8'HydroxyquinoUne Oxine Solution 

Dissolves g of 8 hydroxyquinoline in 12 ml of 
glacial acetic acid, add 60 ml of water, warm to 
about 40°C and add 1 : 1 ammonia solution until 
a slight precipitation occurs. Just redissolve it 
with dropwise addition of glacial acetic acid and 
dilute to 100 ml. 

6.3 Procedure 

6.3.1 Transfer 1*0 g of accurately weighed sample 
in a beaker. Dissolve the sample by warming 
with 10 ml of dilute sulphuric acid and adding 
nitric acid dropwise. Add 10 drops more of 
nitric acid and few drops of hydrofluoric acid 
and boil. Evaporate to fuming and continue 
fuming for 5 to 10 minutes. Cool and add 5 ml 
each of hydrochloric acid and nitric acid. Warm 
for 10 minutes and dilute to about 50 ml. Filter 
through a filter paper pulp and wash the residue 
with warm hydrochloric acid and warm water 
until filtrate is free from iron. Preserve the filt- 
rate and washings {A). 

Transfer the residue along with the pulp to a 
platinum crucible, ignite at 500 to 550X and 
cool. Add 5 ml hydrofluoric acid and few drops 
of sulphuric acid and fume to remove silica. 



1 
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Fuse the residue thus obtained with potassium 
bisulphate and take up the cooled fused mass 
wkh hydrochloric acid and mix with the original 

filterate (A). 

6.3.2 Place 100 ml of sodium hydroxide solution 
in a tall form of 800 ml beaker and heat it to 
boiling. Place a 70 mm diameter funnel (with its 
stem out to produce a jet about 1*5 mm in dia- 
meter) in the mouth of the beaker and slowly 
transfer the sample solution through the funnel 
and the walls of the beaker, boil for 2 to 3 
minutes, dilute to about 450 ml and cool. Make 
up to volume in a 500 ml volumetric flask, transfer 
back to the original beaker ( dried ), let stand for 
15 to 20 minutes, then filter a portion through 
a dry Whatman No. 541 paper and transfer 100 
ml of filterate to 400 ml beaker. Dilute to about 
200 ml, add 10 ml of EDTA solution and 3 g of 
ammonmm oxalate and warm to dissolve the 
latter, cool and adjust /?H to 4*0 with hydrochlo- 
ric acid and ammonia solution ( using pH meter ). 

6.3.3 Heat the solution and keep boiling while 
adding 20 ml of 8-hydroxyquinoline ( oxine ) 
solution till the persistence of yellow colour. 
Let stand for 5 to 10 minutes at 80 to 90°C with 
occasional stirring, and filter off on a weighed 
sintered glass crucible ( porosity-4 ) under gentle 
suction, using a policeman to transfer the preci- 
pitate. Wash it with hot water and dry at 125°C 
to constant mass. 



7.3.2 Hydrofluoric Acid, 40 percent. 

7.3.3 Dilute Sulphuric Acid, 1:1,1:4, 5:95 
and 3 : 97 ( v/v ). 

7.3.4 Dilute Ammonium Hydroxide, 1 : 3 and 1 : 5 
(v/v). 

7.3.5 Concentrated Ammonium Hydroxide, Td = 
0-90. 

7.3.6 Tartaric Acid, solid. 

7.3.7 Hydrogen Sulphide, gas. 

7.3.8 Ammonium Sulphide Wash Solution, satu- 
rated ammonium hydroxide ( 1 : 99 ) with hydro- 
gen sulphide. 

7.3.9 Tartaric Acid Wash Solution, 10 g of tartaric 
acid dissolved in one litre of dilute sulphuric 
acid ( I : 99 ) and saturated with hydrogen sul- 
phide gas. 

7.3.10 Concentrated Sulphuric Acid, rd = r84 
( conforming to IS 266 : 1977 ). 



A X 23 05 



6.4 Calculation 

Molybdenum, percent 

where 
A = mass, in g, of metal oxinate after drying 
to constant mass; and 

B = mass, in g, of sample represented by the 
aliquot taken. 

7 DETEMINATION OF MOLYBDENUM BY 
THE PERMANGANATE TITRATION 
METHOD 

7.1 Outline of the Method 

After the removal of silica and iron, the latter 
having been removed by repeated precipitation, 
molybdenum is separated from the ammoniacal 
filtrate by treatment with hydrogen sulphide in 
the presence of tartaric acid and reduced in a 
Jones reductor provided with ferric sulphate 
solution in the receiver. The reduced solution is 
then titrated with standard potassium permanga- 
nate solution in the presence of phosphoric acid. 

7.2 Apparatus 

7.2,1 Jones Reductor, conforming to the dimen- 
sions shown in Fig. 1, 

7.3 Reagents 

7.3,1 Dilute J^itric Acid, V3 ( v/v ). 



4>L0 BORE 



300 



PERFORATED PLATE 



-^19 BORE 

AMALGAMATED 
ZINC 



.ASBESTOS PAD 
PEREORATED DISC 

-STOPPER 



[«^ (^8 BORE 

All dimensions in millimetres. 
Fig. 1 Jones Reductor 
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7.3.11 Concentrated Nitric Acid, rd = 1'42 ( coa- 
formingto IS 264 : 1976). 

7.3. 12 Potassium Permanganate Solution , 2*5 
percent ( v/v ). 

7.3.13 Zinc ( 5 mm to 0.7 mm ), not containing 
more than 0002 percent of iron. 

7.3.14 Ferric Sulphate Solution, 80 g of ferric 
sulphate dissolved in one litre of dilute sulphuric 
acid (1:4). 

7.3.15 Phosphoric Acid. 85 percent. 

7.3.16 Standard Potassium Permanganate 
Solution (Q' I N) 

Dissolve 3*2 g of potassium permanganate in one 
litre of water. Let it stand in the dark for two 
weeks and filter without washing through a 
Gooch crucible or fritted glass crucible of fine 
porosity avoiding contact with rubber or other 
organic material. Store in a dark coloured, glass 
stoppered bottle. Standardize against sodium 
oxalate by weighing 0*134 g of the salt, dissolving 
it in 250 ml of dilute sulphuric acid ( 5 : 95 ) and 
titrating against the permanganate at 55 to 60''C 
to a faint pink and point. Adjust the strength 
of the permanganate solution such that 0*134 g 
of sodium oxalate requires exactly 20 ml of per- 
manganate solution. 

7.3.17 Aluminium Persulphate, solid* 

7.3.18 Potassium Thiocynate Solution, 5 percent 
( mlv ). 

7.3.19 Stannous Chloride Solution 

Dissolve 350 g of stannous chloride in 200 ml 
of dilute hydrochloric acid ( 1 : 1 ) in a conical 
flask. Boil gently until complete solution is 
obtained. Dilute the solution to one litre, add 
two pieces of matalllc tin and stopper the flask. 

7e3*20 Isopropyl Ether 

7.3.21 Standard Molybdenum Solution ( Iml ^ 
0*000 5 g of Mo ). 

Dissolve 1 '25 g of pure sodium molybdate ( Na^ 
M0O4.2H2O ) in one litre of water containing 
5 ml of concentrated sulphuric acid. Standardize 
against standard potassium permanganate solu- 
tion as described in 7.4.5. 

7.4 Procedure 

7,4,1 Transfer 0*5 g of the sample to a 150 ml 
beaker, add 10 ml of dilute nitric acid, cover 
and warm to complete solution. One or two 
drops of hydrofluoric acid may be added if any 
diflSculty in getting the complete solution is 
experienced. When the reaction is complete, add 
10 ml of dilute sulphuric acid (1:1) cautiously 
and evaporate to dense white fumes. Cool and 
add 40 ml of water and warm. Rinse the cover 



and remove it. Filter and wash the proper and 
silica 12 to 15 times with hot water, three to four 
times with dilute ammonium hydroxide (1:3) 
and finally four to five times with hot water. 
Run the washings into the main filtrate. Discard 
the precipitate. 

7.4.2 Cool the filtrate from 7,4.1 add concentra- 
ted ammonium hydroxide until a permanent red 
colour is obtained. Heat the acid solution gently 
to boiling, pour the solution slowly with vigorous 
stirring into 75 ml of nearly boiling ammonium 
hydroxide (1:5) contained in a 500 mi beaker. 
Add a little paper pulp and filter into 500 ml 
beaker. Wash the residue with hot water and 
preserve the filterate. Dissolve the precipitate in 
slight excess of hot dilute sulphuric acid (1:4), 
nearly neutralize with concentrated ammonium 
hydroxide and then pour into dilute ammonium 
hydroxide (1:5) as described before. Filter 
into the reserved filtrate and wash the precipitate 
with hot water. Dissolve the precipitate and 
repeat the operation. Preserve the combined 
filterate, 

7.4.3 Treat the combined ammoniacal filtrate 
obtained in 7.4.2 with 3 g of tartaric acid, stir 
to dissolve, and saturate the warm solution with 
hydrogen sulphide, if a precipitate forms, 
filter and wash with ammonium sulphide 
wash solution. Warm the filtrate, cover the 
beaker, and add dilute sulphuric acid (1:1) 
until the solution contains 8 ml of acid in excess 
for each 100 ml of the solution. At this stage, no 
further effervescence takes place and the odour of 
ammonium sulphide as well as the colour of 
thiomolybdate has disappeared. If too little acid 
has been added, some molybdenum may remain 
in solution. Let the solution stand at the side 
of a steam bath ( about 40°C ) for 1 5 minutes 
until the precipitate has settled. Filter and wash 
the precipitate thoroughly with tartaric acid wash 
solution. Reserve the filtrate. 

7.4.4 Transfer the paper and precipitate to the 
original 500 ml beaker, cover and treat with 6 ml 
of concentrated sulphuric acid and 10 ml of 
concentrated nitric acid. Heat the solution 
cautiously to dense white fumes. Let it c ool, add 
5 ml of concentrated nitric acid, again heat to 
fumes and repeat the treatment until the yellow 
colour due to organic matter has disappeared. 
Cool, rinse and remove the cover, rinse the 
inside of the beaker and again evaporate 
to fumes. Again cover, cool slightly and 
add potassium permanganate solution ( 25 per- 
cent ) cautiously until a permanent red colour is 
obtained. Heat to boiling, cool and add 70 ml 
of water. Boil for a few minutes, add 2 g of 
zinc and continue boiling until molybdenum has 
been reduced and any copper present has also 
been reduced to metallic form. Filter through 
close texture paper and wash with hot water. 

7.4.5 Pass through the Jones reductor, 100 ml of 
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dilute sulphuric acid ( 5 : 95 ) and then 5 ml of 
cold water. Discard the wash solution. Add 
30 ml of ferric sulphate solution to the receiver, 
5 ml of phosphoric acid and enough water so 
that the tip of the reductor dips well beneath the 
surface of the solution. Pass the cooled molyb- 
denum solution containing 5 percent by volume 
of concentrated sulphuric acid. Shake the 
receiving flask. Add 50 ml of cold dilute sulphu- 
ric acid ( 3 : 97 ) just before the level of the 
molybdenum solution reaches the zinc. Finally 
rinse with 100 ml of water to washout all the 
reduced compound. Close the stop-cock allowing 
some water to remain in the reductor funnel. 
Disconnect, raise the reductor, rinse the stem 
and titrate the solution with standard potassium 
permanganate solution till pink colour persists. 

7.4.6 Make a blank determination following 
the same procedure and using the same amounts 
of reagents but without the sample. 

7.4.7 Boil the filtrate reserved under 7.4.3 and 
adjust the volume to 100 ml. Add 1 to 2 g of 
ammonium persulphate, boil and cool to 15°C. 
Add sufiBcient dilute sulphuric acid ( 1 : 1 ) so 
that the solution contains 10 percent by volume 
of it. 

7.4.8 Adjust the temperature to IS^'C and transfer 
it to a 500 ml separating funnel. Add 10 ml of 
potassium thiocyanate solution and 10 ml of 
stannous chloride solution. Stopper the funnel 
and shake vigorously for several minutes. Add 
about 50 ml of ether and shake vigorously for 
one to two minutes more. Let stand until the 
solution has separated into two layers. Draw off 
and set aside the lower layer and transfer the 
extract to a 100 ml Nessler tube ( Ni ). Re-extract 



the lower layer with ether and return the etherial 
layer, if coloured, to the 100 ml Nessler tube 
(iVi). 

7.4.9 Transfer 25 ml of ferric sulphate solution 
to a 250 ml separating funnel and add enough 
standard molybdenum solution from a burette 
to approximate the molybdenum content of the 
solution. Dilute to 100 ml with water and pro- 
ceed as described in 7.4.8 until the solution has 
been transferred to a second 100 ml Nessler tube 

7.4.10 Allow both the sample solution and the 
standard solution to stand for several minutes 
before comparing. Dilute the darker of the two 
solutions with ether until the colours match. 
Measure the intensities of colour in a suitable 
colorimeter. 

7.5 Calculation 

Molyl>denum, percent 
_ [(A'^ B)C X 0032 ] + D 



E 



X 100 



where 
A == volume, in ml, of the standard per- 
manganate solution required for titra- 
tion of reduced molybdenum solution; 

B = volume, in ml, of the standard per- 
manganate solution required for the 
blank; 

C = normality of the standard permanga- 
nate solution; 

D = mass, in g, of molybdenum deter- 
mined colorimetrically; and 

E = mass, in g, of the sample taken. 
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